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CHAPTER 1
INTRODUCTION

A comprehensive study of optimum maintenance procedures and materials
for continuously reinforced concrete pavements (CRCP) has been conducted.
This included an overall evaluation of the performance of CRCP in ITlinois
(Ref. 1), an evaluation of current patching procedures (Ref. 3), an evalua-
tion of several maintenance/rehabilitation alternatives (Ref. 6) and the
construction and evaluation of many experimental patches.

The resuit of these studies was the development of recommended
permanent patching procedures, and pressure grouting procedures with cement
grout to restore slab support and minimize future pumping. .

This report presents these procedures and provides background informa-
tion not provided in previous project reports. The complete detailed
patching procedures are given in the Appendix. A slide/script/cassette tape
training aid was also prepared for the patching procedures.

This report is presented in the following sequence:

Chapter 2 - summarizes the performance of CRCP in Il1linois.

Chapter 3 - describes the permanent repair procedures for CRCP.

Chapter 4 - describes the recommended procedures for pressure
grouting CRCP.

Chapter 5 - presents conclusions and recommendations.

Appendix - contains the detailed patching procedures.




CHAPTER 2
PERFORMANCE OF CRCP IN ILLINOIS

The State of I1linois has constructed over 2700 equivalent 2-lane
miles (4320 km) of CRCP. Beginning in 1947-48, a few miles of CRCP were
constructed in the Vandalia experimental project, and in 1961-1962 several
more miles were constructed on the heavily traveled Dan Ryan Expressway in
Chicago. As a result of the good initial performance of the early CRCP in
I11inois and other states, an extensive CRCP construction program was
initiated in the mid-1960's. A large majority of the ITlinois CRCP was
built as part of the Interstate highway system which is located on heavy
truck routes.

Variations existyin the elements that make up the CRCP structural
sections in I1linois. Subgrades for pavements in I1linois are generally
composed of fine-grained soils which tend to be quite plastic and practi-
cally saturated. Subbases were initially granular, but since 1965 have
been stabilized with asphalt, cement, and later with lime and fly ash.

The portland cement concrete slabs range in thickness from 7 to 10 inches
(18-25 cm). Deformed rebar and deformed welded steel fabric have been used
to provide the continuous reinforcement.

An extensive field survey of the Interstate CRCP was conducted in
1977-78 (Ref. 1) to determine the types, causes, and extent of distress.
Results showed significant pavement deterioration that was increasing
rapidly. Major distress types include the load caused punchout and the
materials/climate caused "D" cracking. Other distress includes ruptured
steel (wide cracks), pumping of foundation and subbase, longitudinal joint

faulting, construction joint failure, blowups, breakup of existing patches



and the surrounding slab, and ramp reflection joint failure (this problem
was corrected by a design change in the late 1960'5), A detailed analyses
of causes is provided in Reference 1, 2 and 3. Far more distress occurred
in the thinner slabs (7-8 ins.) than in the thicker slabs (9-10 ins.) as
illustrated in Figure 2.1.

Based upon the existing types, causes and extent of distress, it was
concluded that a more‘cost effective permanent repair was needed. It was
also believed that a preventative repair was also needed to restore support

and minimize future pumping.
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CHAPTER 3
PERMANENT REPAIR OF CRCP

A comprehensive evaluation of existing repair methods in 1977-78
concluded the following (Ref. 3 and 4):

(1) The existing procedures used by IDOT were technically correct,
but there were a number of improvements that would make them
more cost effective,

(2) a wide variation in procedures were actually being performed
by state maintenance crews,

(3) some new patching concepts were suggested that Tooked promising,

(4) it was anticipated that in the future a number of large patching
contracts would be let to private contractors, and

(5) many field personnel indicated the need for training in patching
CRCP.

A number of improveménts were considered for reducing patching costs
and lane closure time (Ref. 3). The following were selected and studied in
detail in this project:

(1) Varying the length, width and thickness of the patch depending on

the existing distress,

(2) different methods of construction to account for the varying
equipment capabilities of the maintenance crew, and to allow for
rapid production oriented patching by contractors.

(3) Shortening of the length of lap splices and the use of short
welded splices, and

(4) concrete additives and curing for early opening to traffic.




From 1977 to 1980 many experimental patches were placed in the state
of I11inois by IDOT Maintenance Crews, Day Labor Crews, and private contrac-
tors. Many of these were placed in cooperation with the research staff
while others were placed on the initiative of the field engineers and crews.

3.1 Variation In Dimensions

Patch dimensions include length, width and thickness. The standard
patch consisted of 10 x 12 ft. and equal to CRCP thickness. A field survey
of over 60 one-half iane width patches showed that they performed similar to
full lane width patches. A number of patches less than 10 ft. long were
also observed. Where these patches were placed to repair narrow distress
types, they performed similar to larger patches. However, for some narrow
patches that did not include the entire underlying deterioratioﬁ of the
foundation, the adjacent CRCP slab had failed. Recommendations for the
layout of patches are provided in the Appendix.

One district had placed over 200 extra deep patches that were placed
where the subbase and subgrade was poor. Field surveys of these patches
revealed excellent performance. Several additional patches were placed
in other districts that also performed very well (e.g. no patch breakup
at all1). Thus where the subbase has disintegrated or disturbed badly
during concrete removal, the placement of extra deep concrete provides
good performance. The normal steel content is carried through the patch
as usual.

3.2 Mechanized Equipment & Alternate Concrete Removal Procedures

Field observations of crews using pavement breakers or hydrohammers
showed almost twice the productivity as créws without this equipment. Also,
crews that were utiTizing a loader to 1ift out the center section rather
than breaking it out showed even a higher rate of productivity. For example,

one maintenance crew that typically placed one patch per work day using




conventional breakout procedures with jackhammers doubled their production
by utilizing the 1ift out method for the center section (Ref. 5).

During the Manteno experimental project on I-57, the contractor
utilized a removal method that resulted in excellent production rates.
This method is described in the Appendix as the "Alternate Breakout Method".
It is particularly recommended for maintenance crews as it reduces the
amount of concrete saWing.

3.3 Shortened Lap Splices

The current I11linois Standard Specifications for Road and Bridge
Construction requires a 36-inch (91 cm) tied splice for CRCP patches that
are 10 feet (3 m ) in length or longer. However, in both field and labora-
tory testing, significantly shorter splices have been successfully used.
Patches utilizing splice lengths of 15 to 20 inches (38 to 51 cm) have
been used on many patches in I11inois and are performing adequately. These
shorter splices save construction time by reducing the length of the end
sections which require breakout by hand methods. They also cost Tess
since the overall length of the patch can often be significantly reduced.

The best documented field testing of short length tied splice patches
was in the I-57 Manteno project reported in Reference 6. Part of this
report covered the construction of experimental patches, including forty
20-inch (51 cm) tied Tlap splice patches. These patches were closely
monitored by on-site personnel, before and after opening to traffic. These
patches performed adequately in all stages of evaluation. Additionally,
the ensuing cost analysis revealed that the use of these short splice
length patches resulted in significant cost savings when compared to
standard 36-inch (91 cm) tied lap splice patches. Other patches with lap
lengths as short as 15 inches (38 cm) have been studied, and at the time of

their survey showed no distress attributable directly to the short splices.



In an attempt to achieve both good performance and optimum savings a
final recommendation of an 18-inch (46 cm) end section and a minimum 16-inch
(41 cm) tied Tap splice (for #5 reinforcement) was reached. Complete
details of the patch are given in the Appendix. The 18-inch (46 cm) end
section provides adequate Tength for the existing No. 5 reinforcement to
develop its full strength. The end section Tength will vary for different
sizes of reinforcement. The minimum patch Tength has been set at 4.5 feet
(1.4 m). This will allow for two 18-inch (46 cm) end sections and an 18-
inch (46 cm) center section.

This patch will save time in construction by significantly shortening
the end section breakout area. As previously mentioned, special care must
be taken during the end section breakout making it the single most time
consuming event of the construction procedure. Also cost savings will be
realized due to the decrease in the minimum length of a tied splice patch.
When a distress is contained within a short Tength a minimum Tength tied
splice patch of 4.5 feet (1.4 m) can be used where previously a "standard"
10 foot (3 m) long patch may have been used. Obviously the use of a
minimum Tength patch is restricted to distresses contained in a narrow
width of pavement and subgrade .

3.4  Welded Splice

An alternative to the tied splice for steel reinforcement is the
welded splice. The current IT1inois specification does not allow welding
between new and existing reinforcement. However, in both field and
laboratory testing welded splice patches have proven to be a viable alter-
native to tied splice patches.

One district maintenance crew has used the technique of welded splices

on hundreds of patches with success comparable to that of tied splice



patches. They make use of a single 6-inch (15 cm) weld to connect each
new reinforcement bar to the existing reinforcement at each end of the
patch.

The best documented field testing of welded splice patches was also
reported in Reference 6. Part of the experimental patching program in
this project was the construction of 43 4-inch (10 cm) double weld splice
patches. These patchés were closely monitored by on-site personnel both
before and after opening to traffic. The welded splice patches performed
adequately in all stages of evaluation. They also were reported to have
contributed to large cost savings over the average costs of "standard"

10 ft. (3 m) patches.

In laboratory tests at the University of I11inois double weld splices
with effective lengths greater than 7 in. (18 cm) were able to develop full
yield strength and 90% of ultimate strength for Grade 60 reinforcement in
static tensile tests. The tests were performed on maintenance crew field
welded samples. Double weld splice are defined as two lines of weld, one
on each side of the two reinforcing bars.

The recommendation given for welded splices is a 4-inch (10 cm) double
weld splice, giving an 8 in. (20 cm) effective weld length. This welded
splice should develop the full yield strength and at least 90% of the
ultimate strength of the reinforcement. A 16-inch (41 cm) minimum tied
splice in the center of the patch is recommended to avoid buckling of the
reinforcement during temperature movements of the adjacent pavement before
or during concrete placement. Full details of this patch are given in the
Appendix.

For maintenance crews possessing welding capabilities the welded splice
patch provides the same advantages as the short tied splice patch only to a

greater degree. The welded splice will require only an 8-inch (20 cm) end
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section breakout area that will more than offset the extra time required for
welding. Likewise, the increased cost of labor and equipment for welding
will be more than offset by the decrease in the minimum length of a welded
splice patch. A welded splice patch will have a minimum length of only

3 ft. (1 m). When a distress is contained in a short length, a 3 ft. (1 m)
welded splice patch could be used rather than a "standard" 10 ft. (3 m)
patch. If used in the prober situation, for the right distress, the

savings could be very significant.

3.5 Other ATternatives

Although the majority of the study was aimed at alternative splicing
techniques (shorter tied splices and welded splices) other patch design
alternatives were studied. These were partial-depth concrete, partial-
depth asphalt, full-depth asphalt, and no-steel concrete
patches.

Partial-depth concrete patches were considered to be a possible
alternative when patching distresses involved the surface concrete,
but still Teft the reinforcement and underlying concrete intact. These
surface distresses included poor consolidation or other construction
related problems and D-cracking. In theory this alternative appeared to
be promising. It would be much Tess expensive to simply remove the
surface distress down to the top of the reinforcement and then fill with
concrete than to replace the entire thickness of the pavement with a
full depth patch. One district maintenance crew placed a number of partial
depth patches in cooperation with the project team on Interstate 74. These
partial depth patches were used to repair localized spalling, usually in
the wheel paths, caused by "D" cracking. This series of patches did not

hold up very well. Many of the patches broke up within 2 to 3 years.
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The reason for the poor performance of these patches is probably
three fold. First of all the pavement was only a 7 in. (18 cm) thick
slab. Therefore most of the patches were only in the range of 2.5 to
3.5 in. (6 to 9 cm) thick. Secondly these thin partial depth patches
were placed in "D"-cracked concrete. It is unlikely that the pavement
underlying the patches provided adequate support. And finally, many of
the patches were p1aced directly in the wheel path and were quite small,
submitting the patches to very high stresses. With this combination of
factors it is easy to see why the patches performed poorly.

On the other hand, when partial depth patches were used under
different circumstances they proved to be a good choice. On one partic-
ular project on I-70 hundreds of partial depth concrete patches were
placed in a 9 in. (23 cm) CRCP, suffering from "D"-cracking, prior to
resurfacing. In this case the partial depth patches performed well over
a one year period before the overlay was placed (and no noticeable problems
for two years after the overlay was placed). Therefore, in this instance,
the partial depth patch may be a viable alternative due to the thicker slab
and the fact that the pavement was resurfaced. The thicker slab allows for
thicker partial depth patches and the asphalt overlay would reduce the
stresses from traffic. In the right situation the partial depth patches
could return uniform support prior to resurfacing for a fraction of the
cost of full depth patches.

Many attempts have been made to utilize asphalt as a permanent patch

material, either as full depth or partial depth patches. However, after

much field testing it is concluded that full depth asphalt patches should

only be used on a temporary basis until a permanent concrete patch can be
constructed. Observed 1life for asphalt patches is 1-2 years and much

failure occurs in the surrounding CRCP because of no load transfer.
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Partial depth asphalt patches have been surveyed in which the reinforce-
ment simply buckled upward during hot weather forcing its way through the
asphalt and causing a blowup. Partial depth asphalt patches are not recom-
mended under any circumstances.

Reference 6 reported that full depth asphalt patches placed prior to
resurfacing were unable to provide adequate support for the asphalt overlay.
The final result was spa]]éd reflective cracking through the overlay at the
asphalt patch boundaries. Due to its poor support properties full depth
asphalt patches, as stated earlier, are recommended for temporary patching
only. Since they provide no shear transfer and break the continuity of the
CRCP their use on a permanent basis may result in distress to the adjacent
pavement.

The no-steel concrete patch has also been considered as a possible
patching alternative. Like the full depth asphalt patch, the no-steel
patch does not return continuity to the pavement. The no-steel concrete
patch is only recommended when being placed in badly "D"-cracked sections
where the expected 1ife of the pavement surrounding the proposed patch is
short. There have been a number of patches placed under these circumstances

with satisfactory results.
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3.6 Opening to Traffic

Current practices employed by maintenance crews patching CRCP include
opening lanes céntaining recently placed concrete patches to traffic any-
where between 3 and 72 hours. The result of this inconsistant approach to
the application of large repeated loadings is quite surprising. Many
patches that were allowed to cure for only three hours performed very well
under traffic 1oad1ng§. On the other hand, there.have been several failures
of patches that were opened to traffic very early. Since the overall cost
of a patch increases as the curing time increases and because of the incon-
vience and hazard to motorists during the lane closure, the determination
of a safe but yet earliest possible opening time was desirable. Consequently,
an extensive field and laboratory study was conducted to determine the
optimum Tength of time between placing a patch and the subsequent opening
of the patch to traffic.

The optimum length of time between placing a patch and the subsequent
opening of the patch to traffic is hereby defined as the "minimum required
curing time" needed for the concrete in the patch to attain a strength
which will enable it to resist normal traffic Toads. The approach that
was taken to determine this strength involved the casting of field concrete
beams corresponding to many experimental patches, and laboratory determina-
tion of the influence of various factors on the early development of concrete
strength.

Concrete beams were cast in the field using standard 6 x 6 x 30 inch
steel boxes from a nearby patch as it was being placed. From one to five
beams were cast from a given patch. Each beam would then be tested for
flexural strength by means of a portable center point loading machine. The

16 inch span between the supports provided for two tests for each 30 in.




beam. By varing the times that each beam was tested, a strength development

curve was constructed for each patch. Figure 3.1 shows some example curves
for beams cast at different temperatures. By use of this curve, the
strength of the concrete at the time of opening was determined for the
corresponding patch (actually the strength of the patch was higher as subse-
quently discussed). Observation of the patch over time would indicate
whether the opening strengfh was sufficient to resist the traffic loads. It
was determined that the contraction of the reinforcing steel the first night
after placement of a patch will in some cases induce small tension cracks in
the concrete. Therefore, a majority of the 74 beams that were cast corre-
sponded to patches not containing reinforcement (which is not the proper CRCP
patching method), and nearly all were less than 20 ft. in length.

Several tests were performed in the Taboratory in an attempt to discover
ways of significantly increasing the early strength development of concrete.
Addition of superplasticizers and variation of the cement factor were the
two main factors investigated in addition to temperature at placement.

Field Testing Procedure

Seventy-four beams were cast at various maintenance projects on two
Interstate highways. Observations of the corresponding patches have been
recorded over about twelve months. Thirty-eight of the beams were taken
from an October 1979 project on Interstates 57 and 74 just west of Champaign,
I11inois. Sixty-nine patches without reinforcement were placed. The beams
were cast and cured in the field at the side of the highway in the beam
boxes and were tested for flexural strength at times ranging from two hours
to 28 days. In addition to the daily variations of temperature, wind and
sunshine, several experiments were conducted to vary specific strength
dependent factors.

One of the experiments was aimed at determining the field effects of

using calcium chloride. One patch was placed in the usual manner with
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concrete that had 1.5% of calcium chloride by weight of cement. A second
patch was placed with concrete that did not have calcium chloride. Five
beams were taken from each patch.

Another experiment was aimed at observing the effect of using a super-
plasticizer. One patch was placed in the usual manner‘which included the
use of an air-entraining admixture and the addition of calcium chloride.
Another patch was placed with the same mix of concrete except that the water-
cement ratio was 1oweked to produce a lower slump. A sufficient amount of
Mighty 150, a superplasticizer, was added at the site to increase the slump

to 7 inches which was the slump of the concrete placed in the first patch.

Once again five beams were taken from each patch.

A final test was aimed at determining the variations of temperature
between the concrete in a patch with insulation, a patch without insulation,
the concrete in the beam boxes, and ambient temperature. Thermocouples i
were placed at the top, center and bottom of the patches and at the center
of the beam. One of the patches was covered with a tarp and another with
high quality insulation while a third patch and the beam were left exposed
as is the usual procedure. Another thermocouple measured the ambient
temperature.

The remainder of the beams were taken at various temperatures in an
attempt to determine the effects of ambient temperature on the strength
development of concrete. The patches veried from 6—12 feet wide, from 3-20
feet Tong and from 7-11 inches thick. Patches were placed in both the truck

and passing lanes.

Laboratory Testing Procedures

Two test series were conducted in the laboratory. The first series was

to determine the effects of a superplasticizer at various temperatures.
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Thirty-six 6 x 12 inch cylinders were cast, twelve cylinders at each of
three temperatures. Six of the twelve at each temperature were cast using
Mighty 150 and six were cast without the superplasticizer. ATl of the
cylinders had an air entraining admixture and calcium chloride added to the
seven bag mix concrete. The concrete for the cylinders without Mighty was
designed for a slump of 7 inches and an air content of 4-7%. The concrete
for the cy]inders,with'Mighty was designed for a slump of 1 inch and an

air content of 4-7%. An additional amount of air-entraining admixture was
needed to maintain the desired air content for the mixes with Mighty.
Sufficient amounts of Mighty was added to bring the slump to 7 inches. Six
cylinders with Mighty and six cylinders without Mighty were cured at 35° F,
75° F and 95° F. The mixing water was brought.to the corresponding tempera-
ture but all the aggregate was at a uniform temperature of 75° F. Three
cylinders from each of the three different temperatures were tested for
indirect tensile strength at 3, 6 and 24 hours. It shou]d‘be noted that
the air-entraining admixture, calcium chloride and Mighty were added and
thoroughly mixed into the concrete separately in.the order listed. In this
manner the admixtures did not have direct contact with each other and no
unfavorable reactions occurred.

The second laboratory test was designed to obsérve the effects of the
cement factor on early strength development in addition to the effects of
Mighty 150 at the different cement factors. A total of fifty-four 6 x 12
inch cylinders were cast. Eighteen cylinders were cast for each of three
cement factors and half of the cylinders for each cement factor had Mighty
150 added to increase the slump. The final siump for all cylinders was
three inches and the final air content was 4-7% with the addition of an air

entraining admixture. Once again, additional air entraining admixture was



18

needed for the concrete with Mighty 150. Calcium chloride was not used in
this test series. Three cylinders from the seven, eight and nine bag mixes,
both with and without Mighty, were tested at three different curing times,
and the strength development curves were constructed.

Discussion of Results

The results of the seventy-four beam tests were run through a regression
analysis to determine the éignificance of each factor on the development of
concrete strength at any given time. The variables used in the regression
were as follows: temperature at placement, wind, sunshine, time of day,
slump (indication of w/c ratio), calcium chloride content and consolidation o
techniques. The results of the regression analysis showed that the tempera- 7
ture at placement was the overwhelmingly largest factor in the development
of the concrete strength. The time of day of placement was the only other
factor which proved to be of more than minor significance in the development
of the concrete strength. The time of day is significant because a patch ”
placed in the morning will be subjected to increasing ambient temperatures i
for the remainder of the morning and the afternoon whereas a patch placed
Tate in the afternoon will be subjected to decreasing ambient temperatures.
Consequently, the most significant factor by far in the normal strength
development of concrete placed in the field is the ambient temperature at
placement.

The results of the regression analysis are substantiated by other
experiments that were conducted in the field and in the lab. The results
of the experiment of placing a patch with calcium chloride and comparing
it with a patch without calcium chloride showed no significant difference
between strengths as illustrated in Figure 3.2. It appears that even though
there is substantial amounts of laboratory data which indicates that calcium

chloride significantly
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increases early concrete strength, when the calcium chloride is added in the
field the water-cement ratio is inadvertent]y‘increased so as to offset the
early strength gain caused by the admixture. It is also interesting to
speculate concerning the failure mechanisms. Failure in compression is
governed primarily by the strength of the cement paste, while in flexure it

is governed mainly by the paste-aggregate bond strength (1). If calcium
chloride increases the eariy strength of only the cement paste, then we

would expect an insignificant increase in the early flexural strength. Never-
theless, because calcium chloride decreases the set time, it remains a valu-
able time saver.

The variation of flexural strength withkwater—cement ratio
had some effect on early strength. It was found that in actual patching
operations the water-cement ratio varied between 0.41 and 0.55 depending on
the amount of water added at the site by the maintenance crew. The beam
data shows that th1§ resulted in a range of flexural strengths at 24 hours
from 120 psi to 190 psi which is a maximum difference of 70 psi. Inspection
of the beam data at various temperatures shows that a variation in flexural
strength of 70 psi can result from a 6° F increase in temperature. Consequently,
it is easy to see that the temperature at placement of a patch is the single
most important factor in predicting the flexural strength of concrete at early
ages. Figure 3.3 shows a comparison of beam strengths with and without super-
plasticizer and the corresponding difference 1nvw/c ratio.

A plot of center point flexural strength vs time was consfructed using
the range of temperatures obtained in the field. A1l beam tests were con-
sidered and a variety of graphs developed to arrive at the final relation-
ships. The temperature at placement of the patch (and casting of the beam)

was utilized as the temperature value. Figure 3.4 shows the final graph
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developed from all the data. The modulus of rupture for third point loading
was determined by.mu1tip1ying the center point modulus by 0.84 as determined
from PCA results (Ref. 7).

The next task was to determine the strength at which the patches were
successfully resisting traffic loadings. An examination of all of the 7 inch
thick no steel patches revealed that when they were opened to traffic at a
corresponding beam strength of 270 psi or greater, cracking of the concrete
did not occur over a 12 month period. Several 7 inch no-steel patches opened
to traffic with strengths less than 200 psi cracked within 6 months, appar-
ently from fatigue damage. Several 7 inch thick patches with steel were
openad with beam strengths as low as 100 psi and although they cracked, the
cracks remained tight and the patches were in good shape after 9 months.

This result must be considered along with results observed on other
projects where a very early opening Tled to cracking and a rapid deteriora-
tion of the crack. When concrete cracks early the crack is normally within
the mortar and not through the large aggregate. If it is then subjected to
heavy Toadings the aggregate interlock easily breaks down and the crack
spalls even though the steel is still intact. Finally, eight 10 inch thick
patches without steel were opened to traffic with beam strengths of about
175 psi and after 6 months (winter and spring), none of them had cracked.
Based on these observations it was concluded that a beam center point modulus
of rupture of 300 psi or more would provide sufficient strength to resist
traffic loadings for patches with thicknesses of 7 inch or more. It is
emphasized that this is 300 psi modulus of rupture {(center point loading)
in a beam cast under the same conditions as that of the patch. The actual
strength of the concrete in the patch is much higher because of the higher
temperature in the patch due to the heat of hydration. The concrete tempera-

ture in the beam was determined to be almost identical to the ambient temper-

ature. It is for this reason that there is a dip in the curves of Figure 3.4
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around 16 hours, as the ambient temperature dropped the first night after
placement, the strength gains slowed. On the other hand, the temperature
at the center of the patch increased to at least 17° F more than that of
‘the beam and thus the patch concrete is much stronger than the corresponding
beam.

Using a beam strength of 300 psi, the optimum length of time between
placing a patch and the subsequent opening of the patch to traffic (here-
after referred to as “opening time") when the ambient temperature is 50° F
at casting would be approximately 54 hours. Because of the problems stated
earlier concerning such long opening times, methods of increasing the early
strength development were investigated.

Field testing results showed that a patch covered with a tarp had as much
as 11° F higher temperature at its center over ambient temperature. A high
quality insulation placed over the patch resulted in an increase of 30° F at
the center of the patch by the age of 4 hours over ambient temperature. This
difference is maintained over several hours. This added temperature in the
patch would greatly increase the strength and decrease the opening time.

Results from the laboratory experiment aimed at determining the affect
of increased cement factor showed that at 24 hours an increase from a 7 bag
mix to a 9 bag mix increases the modulus of rupture by less than 75 psi.

The results of a similar test performed by the ITlinois DOT in 1976 showed

that the increase in modulus of rupture at 24 hours is 100 psi when the

cement factor increases from 5.6 to 7.5. Due to the relatively small increases
of strength and the fact that the cost per patch and the shrinkage of the
concrete increase significantly as the cement factor increases, increasing

the cement content above the standard seven bag mix is not recommended.

The use of superplasticizer (Mighty 150) (which resulted in a reduction in the
w/c ratio) increased the modulus of rupture at 24 hours 150 psi, 165 psi and

200 psi for the 7, 8, and 9 bag mixes
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respectively. Likewise, the IDOT data shows that the use of Mighty 150
increased the modulus of rupture at 24 hours 110 psi for the 5.6 bag

mix and 160 psi for the 7.5 bag mix at 75° F. As was previously mentioned,
another experiment was conducted which investigated the effects of using
Mighty 150 at various temperatures. The results indicate that at 24 hours
the use of Mighty increased the modulus of rupture by 115 psi at 75° F and
by 185 psi at 95° F, while there is no apparent increase at 35° F. The.
notion that the Qse of Mighty 150 detrimentally affects the concrete strength
development at 35° F is questioned by an experiment with Mighty performed
in the field as was previously described. The field results indicated an
increase of strength at 24 hours of 70 psi where the average temperature
was 40° F. It appears that the beneficial effects of Mighty decrease some-
what with the temperature. Consequently, it would appear that an increase
in the flexural strength of 75 psi at an age of 24 hours for all tempera-
tures would be a viable assumption when Mighty 150 was used. According to
the literature from the leading manufacturers of superplasticizers it would
appear that the conclusions arrived at with experiments with Mighty 150

are applicable to other brand name superplasticizers. This thought is
substantiated by a field experiment performed by I11inois DOT District 3
maintenance crew using WRDA 19, a superplasticizer. Increases of over

200 psi at 48 hours were realized at a temperature of 50° F.

Summary of Results

1. A patch can be opened to traffic when the corresponding beam center
point modulus of rupture reaches 300 psi. The amount of time to
reach this strength is primarily dependent on the ambient temperature
at placement and can be determined from Figure 3.4.

2. Increasing the cement factor above the standard 7 bag mix is not

considered to be cost and performance effective.
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3. The use of high quality insulators to cover a patch can increase the
temperature of the patch by 20° F or more at 24 hours.

4.  The use of superplasticizers can add at least 75 psi to the flexural
strength of concrete at 24 hours. (This increase is due to a lower water
cement ratio.)

Conclusions
In order for the safe opening time of a patch to be readily and easily

determined, Table 3.1 was éonstructed for field usage. These opening times

are based on the successful performance of several no steel, 7 inch thick,

7 bag mix patches. The normal variations in water-cement ratio, calcium chloride

content, etc. will not jeopardize the successes of these recommendations.

Additionally, the presence of steel or an increased slab thickness

only increases the factor of safety. Also, a reasonable support condition

is assumed (not a wet saturated condition).

The second column of opening times is based on 75 psi additional
modulus of rupture at 24 hours from using a superplasticizer. For a given
temperature, 75 psi is added at 24 hours and is proportionally decreased at
times less than 24 hours. It is assumed that 75 psi is the maximum increase
of strength due to a superplasticizer after 24 hours. The increase of
75 psi appears to be the minimum that nearly always will be obtained.

The third column of opening times is based on an increase of 20° F at
24 hours due to the insulation of the patch. This column is calculated by
simply adding 20° F to the lowest temperature in any interval and then
calculating the opening time. The fact that insulation has been recommended
at ambient temperatures up to 90° F has brought up the question of increased
shrinkage problems. The Nebraska DOT has been insulating non-steel patches
at 90° F for over three years without adverse shrinkage cracking problems.

Consequently, it has been concluded that any increased shrinkage does not
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Table 3.1. Recommended Minimum Time from Placement to Opening to Traffic
(a11 patches contain CaCl). ‘

) MINIMUM NUMBER OF HOURS TO OPENING
Ambient ReguTar Patch
Temperature Regular Patch | Regular Patch With Super
@ Placement | Regular With Super With Plasticizer
(°F) Patch(1)|Plasticizer(2) | Insulation(3) |and Insulation(4)
40-42 54 35 26 22
43-45 49 33 23 20
46-48 44 31 21 18
49-51 39 29 19 16
52-54 35 27 16 13
55-57 32 25 14 11
58-60 29 23 11 8
61-63 26 21 9 7
64-66 23 19 9 6
67-69 21 17 8 5
70-72 18 ‘ 15 7 5
73-75 15 13 6 5
76-78 13 10 5 5
79-81 10 8 5 5
82-84 9 7 5 5
85-87 8 6 5 5
88-90 7 5 5 5
91-93 6 5 5* 5%
Above 93 5 5 5% 5*

* Do not place insulation when ambient temperature is greater than 90° F.

See Sections VIII A, B, D in Appendix A.

See Sections VIII A, B, C, D in Appendix A.

See Sections VIII A, B, D, X C in Appendix A.
See Sections VIIT A, B, C, D, X C in Appendix A.
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seriously reduce the integrity of the patch. This topic needs additional

study however.

Finally, the fourth column of Table 3.1 is a simple superposition of
techniques used in determining columns 2 and 3.

Table 3.1 can be easily used by maintenance personnel to determine the
minimum opening time for concrete patches. This table should be considered
as approximate only and wii] likely be modified with usage. Actually, it
has been found that patches can be opened at Tess than 5 hours under warm

temperatures, but 5 hours has been used as the minimum for these recommenda-

tions to provide some factor of safety.
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CHAPTER 4
PRESSURE GROUTING OF CRCP

The loss of support from beneath the CRCP slab has long been recognized
as a major factor that accelerates the development of punchouts. The pressure
grouting of the slab is recommended as a preventative repair that is a cost
effective way of extending pavement 1ife. If significant pumping has
occurred and slab support is not re-established, the pavement may continue
to show rapid deterioration in the future, particularly in heavily trafficked
pavements even if an overlay has been placed. |

The term "pressure grouting" is defined as the insertion by pressure of a
cement grout mixture beneath the slab and/or subbase to both fill voids
and to provide a thin layer that should reduce deflections and resist
future pumping action. The purpose of pressure grouting is to stabilize the
slab by filling the existing voids with grout, and not to raise the slab.

The term "slab jacking" refers to the 1ifting of the slab at a depression
to its original smooth profile. This is also a viable repair method but
it is not discussed herein.

The cement grout pressure grouting of CRCP has become a highly specialized
bperation with specially trained personnel and specifically designed equip-
ment. Grout mixtures, equipment, and construction procedures for pressure grouting
are presented. Further details can be found in References 9-19. Pressure
groufing was used successfully on the 1978 Manteno I-57 rehabilitation
project as described in Reference 6.

4.1 Materials
A variety of grout mixtures have been used for pressure grouting. The

materials that make up the grout greatly affects the consistency, strength,
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and durability of the mix. The most important requirement is that the
grout is very flowable to fill very small voids beneath the slab and sub-
base. The grout must also displace free water while ultimately hardening
into a structurally strong and non-erodible substance.

The following grout mixes are recommended:

(a) Cement - Limestone dust slurry

(b) Cement - Pozzolan (natural or artificial) slurry
Both grouts have been used successfully, but the Pozzolan grout has better
flowability due to its fineness and spherical shape.

The grouts normally consist of the following:

1 part (by volume) Portland Cement Type I, II or III.
3 parts (by volume) Pozzolan or limestone dust
Water to achieve required fluidity.

Pozzolan includes natural (volcanic ash, diatomaceous earth) and
artificial (fly ash) pozzolans. The pozzolan materials should meet the
requirements under ASTM C-618. The Timestone dust should meet the require-
ments of AASHTO M-17 for mineral fillers.

Various additives may be used to achieve increased strength and density.
These include water reducing agents, fluidifiers, superplasticizers, calcium
chioride to accelerate set, etc.

The grout should be the consistency of thick soup. Its consistency can
be specified using the flow cone method (Corps of Engineers CRD-C 611-80 with
1/2 in. inside diameterorifice). The time of efflux should be in the range
of 10 to 22 seconds. A plot of compressive strength vs time for the grout
used on the Manteno project is shown in Figure 4.1.

4.2 Equipment

The following equipment is used during pressure grouting operations:

(a) Air compressors to drive pneumatic hammers.
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(b) Pneumatic hammers equipped with drills or other drills that
will cut 1-1/2 - 2-1/2 inch (38-64 mm) holes through the
concrete slab and steel reinforcement.

(c) A grout plant that is capable of accurately measuring and
proportioning by volume or weight, and mixing the various
materials composing the grout. The plant must also contain
a positive disp]acement cement injection pump capable of
applying at Teast 50-250 psi {344-1720 KPa) at the end of
the discharge pipe (depending on the application).

For cement pozzolan mixes it is necessary to use a high
speed colloidal mixer operating in a range of 800 to 2000 RPM.

(d) Cylindrical wooden plugs or other approved plugs that can
effectively plug holes until the grout has set.

(e) Grout packers that can be inserted into the drilled hole
and then seal the hole while the grout is being pumped.

4.3 Pressure Grouting Procedures

Although cement grout pressure grouting has been performed for many years
(commonly called "mud-jacking"); the past few years has seen a great
increase in large project work. There is relatively very little current
published information available, and only a few experienced contractors
and maintenance crews. Cement grout pressure grouting is very much an art, and
its success depends highly upon the experience of the contractor. Thus,
there should be an experience clause requiring prior work.

Pressure grouting can be performed in "blanket" coverage over the entire
project, or it can be performed only in "localized" areas where pumping and

loss of support is more severe.




33

Pumping can occur anywhere in CRCP but more usually in slight sags or
depressions, existing patches, and various load associated distress. It is

recommended that pressure grouting be performed in localized areas of high

deflection or where pumping can be observed. Of course, if there is visual
proof of extensive pumping along the entire prdject, then most of the project
should be considered for blanket pressure grouting.

Pressure grouting should be performed at all existing permanent patches
showing any evidence of pumping or settlement. This will extend the 1ife of
the patch and the original slab surrounding the patch.

Deflections and visual pumping are the primary criteria that have
been used to locate voids beneath slabs. Studies performed in I1l1inois
on CRCP concluded that peak deflections along a profile measured every
5-10 ft. (1.5-3 m) and obviously greater than the general mean should be
selected for pressure grouting as illustrated in Figure 4.2.

It is recommended that a heavy load deflection device (having loads
approaching that of truck wheel Toads) be used for void deflection on
concrete pavements such as the Benkleman beam or heavy IDOT Road Rater.

This allows a realistic evaluation of foundation support. Some voids may
be located below the subbase which can be located with heavy load deflections.

After the specific areas of pressure grouting have been Tocated the actual
grouting can begin. Because a large majority of trucks travel in the outer
lane, most of the pumping and voids occur in the outer lane. Thus, in this
case it is probably cost effective to pressure grout only the outer lane. There
certainly are exceptions to this however. The first step is selection of
the hole pattern and depth. These will vary depending on type and design

of concrete pavement.
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The hole pattern should vary depending on the results during the job.
A typical hole spacing used on a project in I1linois is shown in Figure 4.3
This hole spacing appeared to give good coverage, but better coverage may
have been obtained if the longitudinal spacing of the holes were more
closely spaced (e.g. 10 ft. (3 m) instead of 14 ft. (4.3 m)). Also, the
grouting of the passing lane is not believed necessary in most cases.

The depth to whiéh the grouting hole should be drilled should be at
least to the bottom of the concrete slab. If however, the subbase is
stabilized, the hole is most often drilled on through the subbase. Voids
often exist beneath the stabilized subbase and it is important that these
also be filled. |

After the holes are drilled, an expanding rubber packer connected to
the discharge hose on the pressure grout pump is lowered into the holes.
The discharge end of the packer is not extended below the Tower surface of
the concrete slab.

The actual process of pumping grout varies greatly. Close inspection
is required during the pressure grouting process. The purpose is to stabilize

the slab by filling existing voids with grout and not to raise the slab above

grade. (Small sags may be taken out if desired.)

The project specifications should allow the slab to be Tifted no more
than 1/8 in. (3.2 mm), therefore a device to monitor 1ift is a necessity.
A modified Benkelman Beam type device can be used which indicates total
movement of the slab. One device used to control the amount of pumping
that is done in each hole is shown in Figure 4.4. Other factors that are
used to determine when to cease pumping are the appearance of grout in
adjacent holes, edge joint or cracks and the ejection of grout from under

the slab. Another
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Figure 4.4. Measurement Device for Determining Lift of Slab During
Pressure Grouting Operation.



indication that grouting should cease is the pumping time on a hole. When

no evidence of grout appears in joints or a hole and no 1ift is being
recorded on the gauge after a reasonable amount of time (e.g. 1 min.)
grouting should cease. This is especially true when pumping grout next to
an adjacent lane.

Normally, indication that the é]ab is beginning to rise or the flowing
of grout out of an adjacent hole or joint or the edge of the slab is
sufficient evidence that all cavities or voids are filled within the range
of the hole being grouted, and pumping in such a hole should cease. During
pumping, very close attention should be given to prevent any rising other
than that necessary to indicate that the slab is or is about to begin
rising .

After grouting has been completed in any one hole, the packer is with-
drawn from that hole and the hole plugged immediately. Temporary plugs
that protrude above the top of the slab should be removed when sufficient
time has elapsed to permit the grout to set sufficiently so that back
pressure will not force it through the hole, and space occupied by the
plug filled with a reasonably stiff grout or an approved concrete mixture,
and compacted.

The question of how long traffic should be kept off a grouted slab has
not been fully answered yet. Grouts at normal temperatures lose their
fluidity within about 20 minutes after placement. Since the grout is well
confined it should be able to support loads within at least 1 hour.

The total effectiveness of the pressure grouting can be determined
only by monitoring future performance of the pavement. Some agencies
attempt to monitor the effectiveness by remeasuring the slab deflection at
the same points and determining if it is still above the maximum allowed.

If it is high the area is regrouted until it is reduced.
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4.4 Typical Pressure Grout Quantities

The amount of grout that is required to fill voids and stabilize slabs
is of course highly dependent upon the pavement condition, particularly the

amount of existing pumping.

Available data obtained from contractors indicate that grout quantities

for CRCP may range from 0.2 to 0.4 ft3/SY of slab area.
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CHAPTER 5
CONCLUSTONS AND RECOMMENDATIONS

The overall objective of Project IHR-901 was to improve the maintenance
procedures and materials for CRCP. The research approach used to accomplish
this objective as to (1) conduct a field survey to determine the types of
distress occurring and the future maintenance needs (Refs. 1, 2), and
(2) conduct an evaluation of existing patching methods, costs, and perfor-
mance (Refs. 3, 4). Based upon these results, input from the Project
Advisory Committee and IDOT maintenance personnel, the most promising proce-
dures and materials were identified for further testing and development.
Experimental field and laboratory studies were conducted over three years to
provide data for developing improved procedures and materials. Major
studies included:

(1) Short lap tied patches.

(2) Welded lap patches.

(3) Extra thick patches.

(4) Partial depth patches.

(5) 'Varying length and width patches.

(6) Asphalt and no-steel concrete patches.

(7) Early opening concrete additives and curing procedures.

(8) Pressure grouting CRCP with cement-grout.

(9) Pressure grouting CRCP with asphalt cement.

(10) Epoxying wide cracks.

(11) Location of voids using NDT.

(12) Use of mechanized equipment for patching.

Many significant results were obtained as documented in References 6, 8, and

this final report.
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The final permanent patching techniques are presented in the Appendix
of this report. Recommendations for pressure grouting CRCP with cement-grout are
given in Chapter 4 of this report. The patching procedures may be used
by IDOT maintenance crews, day-labor crews and also utilized to make appro-
priate modifications to the standard specifications.
A separate audio-visual slide/cassette aid for training purpose was
also developed for thé patching procedures. This can be used for the train-
ing of maintenance crews. Since CRCP patching is a difficult and costly
process, a small amount of training will pay significant rewards in
productivity and in increased patch life. If is also recommended that
IDOT maintenance consider thebacquisition of additional mechanized equip-
ment for crews patching CRCP such as Tift out capability, hydrahammer, etc.
The procedures included herein have been field tested and found to
provide excellent performance. They were also found to be much more cost
effective than the standard procedures utilized by IDOT over the past
decade. It is strongly believed that an effective permanent patching
program and also pressure grouting where appropriate will extend the 1ife of a
CRCP significantly. This alternative will be much more cost effective than

letting the CRCP deteriorate seriously, and then placing a thick overlay.
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RECOMMENDED PROCEDURES FOR PATCHING CRCP
FOR IDOT MAINTENANCE CREWS

SECTION I. INTRODUCTION

The purpose of this document is to describe recommended methods of
patching continuously reinforced concrete pavements (CRCP) for IDOT main-
tenance and day labor crews. The procedures are the result of a compre-
hensive research project conducted at the University of I1linois, Depart-
ment of Civil Engineering. The procedures reduce costs and lane closure
time by considering the several different distress types in CRCP, differ-
ent methods of construction to account for the varying equipment capabili-
ties of each crew, and concrete additives for early opening. Practical
step by step procedures are provided for the efficient and long Tasting
patching of CRCP.

The various CRCP distress types are as follows:

Edge Punchout - A block of concrete between transverse cracks which
has become depressed or punched down relative to the surrounding slab.
Located at the edge of the slab, the edge punchout is caused primarily
by the deterioration of the subbase from pumping. Repeated heavy truck
loading is also an important factor in the progressive development of the
distress. The edge punchout is one of the most serious and prevalent CRCP
distress type requiring permanent patching.

Wide Cracks - Originally tight transverse cracks which have opened
up, faulted, and spalled, often across an entire lane. The opening of the
cracks is associated with the loss of aggregate interlock and yielding of
the reinforcing steel at the crack. Wide cracks can develop into an edge
punchout or a blowup.

Longitudinal Joint Faulting - Faulting and/or separation of one lane
relative to another for a distance of 10 to 20 feet (3.05 to 15.24 m)
along the centerline joint. In many instances large groups of edge punch-
outs are found in the area of this distress.




Localized Breakup - A local area of the slab which has broken up into

several small pieces. This distress is often located in regions of close,
interconnected, crack spacing and is generally associated with construction
defects.

Construction Joint Failures - The appearance of punchouts, wide cracks,
excessive spalling, or disintegration of the slab, in the region close to a CRCP
construction joint. The underlying cause is poor construction techniques.

Blowups - A crushing or buckling of the slab due to thermal and moisture
expansive forces. This distress has appeared infrequently in CRCP but the
rate of occurrence is increasing significantly. Blowups can be a severe
traffic hazard and most often develop at wide cracks or construction joints.

"D" Cracking - A distress which causes the concrete to slowly disinte-
grate due to freeze-thaw (expansion) action in the large aggregate. Depend-
ing on the aggregate properties and Tocal environment, "D" cracking can
result in complete disintegration of a pavement in a time span of 8 to 15
years. The close crack spacing of CRCP makes it particularly susceptible
to "D" cracking.

In summary, CRCP has about seven different types of distress that are

repaired by constructing permanent concrete patches. Most of these distress
types are unique to CRCP, so that traditional methods used for identifying
and diagnosing distress in plain or reinforced jointed concrete pavements
may or may not be applied to CRCP.

It is important that the various distress types be properly identified
and diagnosed. To make a good diagnosis of the distress, the mechanisms
of development must be understood. Maintenance personnel should have a
good idea if the distress is primarily a result of traffic loads, environ-
mental conditions, or is a result of a construction defect. It is especial-

ly important that they be aware of the extent of the distress, and how it

has affected the slab, reinforcing steel, subbase, and subgrade.




SECTION II. SELECTION OF PATCH BOUNDARIES

Most of the patches described in this guideline will have three

distinct sections simply referred to as the center section and the two

end sections as shown in Figure 1. The correct determination of these

section boundaries wi]] increase the life of the finished patch and mini-
mize overall annual patching costs.

For example, in most cases the subbase material beneath an edge
punchout is disintegrated for some distance on both sides of the distress.
Signs of edge pumping or longitudinal joint faulting (settlement) will
prove to be a good guide in determining how far from the edge of the
visible distress the subbase has been damaged (typically 2-3 feet). Conse-
quently, the overall length of the patch must reflect this deteriorated
subbase material. Careful attention must be given to these warning signs
around the distressed area and the appropriate steps taken to insure that
the deteriorated areas are contained within the patch boundaries as illus-
trated in Figure 2. If the transverse crack next to the X mark (where the
partial depth saw cut will be placed) contains broken or corroded steel,
the X mark should be moved at least 18 inches away from the crack to provide
an adequate end section length.

Broken reinforcement can be verified by running a thin ruler down
through the crack, or any crack that has faulted 0.10 of an inch or more
can be assumed to contain broken and/or corroded steel. The batch bound-
aries cannot be moved too close to the distressed portion because then
the possibility exists that all of the deteriorated subbase may not be

included, and future failure of the adjacent slab and/or patch will occur.




A Minimum Patch Size

In order to minimize patch size and cost and at the same time provide

adequate lap length and allow for cleanout of the center section, the

following minimum values for overall patch length should be observed.

1.
2.

Patch containing tied steel, 4.5 ft minimum length

Patch containing welded steel - 3 ft minimum length

B. Tied Steel Patch

A patch containing tied steel can be placed for any distress type.

1.

The distressed portions of the CRC slab and base should be incor-
porated within the center section of the patch.

The end sections and the center section of the patch should be a
minimum of eighteen (18) inches Tong. Field and Taboratory test-
ing has shown these end and center section Tengths to be adequate
for typical reinforcement used in I11inois (No. 5 bars and welded

deformed steel fabric). (See Figure 3a)

C. Welded Steel Patch

A patch containing welded steel can be placed whenever the proper

equipment is available (see Figure 3b). This type reduces the length

of the end sections and consequently can save a considerable amount of

breakout time.

1.

The distressed portion of the CRC slab and base should be incor-
porated within the center section of the patch.
The end sections of the patch should be a minimum of eight (8)

inches long.

NOTE: A patch containing no steel is recommended only for
a badly "D" cracked section of CRCP where the expected 1life
of the pavement surrounding a proposed patch is short.



Rather than place a patch with steel which would have a
Tife many times that of the surrounding pavement, it is
much more cost effective to place a concrete patch without
steel which would most 1ikely still last longer than the
surrounding pavement.
1. The distressed portion of the CRC slab and
subbase should be incorporated within the
center section of the patch.
2. The end sections of the patch are eliminated.

D. Minimum Distance to Crack

Because of the potential of the CRC slab failing between the edge of
a patch and the nearest transverse crack in the CRCP, the outer patch bound-
aries should be located at least eighteen inches from the nearest transverse
crack. However, sometimes the crack spacing is very small and in these
particular cases it might be necessary to place the boundary closer than
eighteen inches to the nearest transverse crack, but not less than 6 inches.
If this is necessary, make sure that the cracks are tightly closed and not
faulted. (Note: to detérmine faulting simply run your hand over the crack
in the opposite direction of traffic). If a crack that isn't tight or is
faulted is within eighteen inches, the patch should be extended to include
‘this crack (see Figure 4). Also, the outer patch boundaries should not
cross a transverse crack as this may Tead to spalling and breakup in the
slab.
E. Width of Patch

In most instances the width of the patch will be equal to a full Tlane
width; but this can be reduced under some circumstances.
1. Distress types such as wide cracks, large edge punchouts, blowups
and other distresses occurring over more than one-half of the lane

should be patched over a full lane width (12 feet).



2. In some cases such as a small edge punchout the width of the patch
need not be a full 12 feet (see Figure 5). In these cases, a
Tongitudinal boundary must be established. A minimum patch width
of six feet should be used, however, a wider patch can be used as
long as the longitudinal boundary is placed between the reinforce-

ment and the joint does not fall in the center of the wheel path.

F. Failure Across Two or More Traffic Lanes

Whenever a failure occurs across all tied traffic lanes, a special
patching sequencing is required. The typical situation is where a steel
rupture (or wide crack) has occurred across both lanes of a four lane
divided Interstate highway. There is typically a large amount of movement
across this crack during a given 24 hour period. This movement has often
badly cracked the first lane patched during the first night (normally the
truck lane), and heavy truck Toads over the next few weeks cause these cracks
to spall and deteriorate until the patch breaks up. The patch placed in the
passing Tane normally does not crack as badly as the first patch because move-
ment is restrained.

The following procedure has been found to increase the chance of obtain-
ing two good patches:

1. Patch the passing lane first.

2. Next patch the heavy truck Tane.

Cracks formed in the passing lane patch will not likely breakdown because of

reduced heavy traffic.



SECTION III. SAWING OF PATCH

Sawing of all outer boundaries of the patch is highly recommended.
Experience has shown that the outer boundaries of a patch will undergo
spalling if they are created by jackhammers or other breakout equipment,
or follow an existing crack. Consequently, the proper sawing equipment
should be utilized.

A. Outer Patch Boundary Saw Cut

The outer boundary of the end sections should be a partial depth saw
cut 1-1/2 - 2 inches deep that does not cut the reinforcing steel (see
Figure 6a).

B. End Section/Center Section Saw Cut

The boundary between the center section and the end section should
be a full depth saw cut through the reinforcement, unless the alternative
method under item C below is used (see Figure 6a).

NOTE: For a patch with no steel, the transverse outer
boundaries of the patch should be sawed to a depth
including the reinforcing steel (a full depth saw cut).

C. Alternate to Full Depth Saw Cut

The following alternative to the full depth saw cut may result in a
savings of time and cost.
1. The partial depth saw cuts are placed as usual (see Figure 7a).
Jackhammers are used to break up the concrete down to the steel
where it is cut with a handsaw or with a torch, thus eliminating
the full depth saw cut at the boundary between the center and

end sections (see Figure 7b).




D. Longitudinal Saw Cut

If the width of a patch is less than a full lane, the Tongitudinal
boundary must be sawed (see Figure 5).

1. Patches in CRCP which have the standard reinforcing bars should
have a partial depth saw cut along the Tongitudinal boundary.

2. Patches in CRCP which have welded wire mesh reinforcement should
have a full depth saw cut through the reinforcement along the
longitudinal boundary. Note that the method described in Section
IITI C.1 can be used here to eliminate the full depth saw cut.

E. Saw Cuts and Lift Qut

If pins or chains are to be used to 1ift out the center sections of
the patch, the saw cuts must be completely through the CRC slab. If full
depth sawing is not possible, an area approximately 5 inches wide can be
broken up using a jackhammer along all edges. This will enable the slab to
be Tifted out without experiencing severe binding. This may be needed in

hot weather even if full depth saw cutting is available.




SECTION IV. REMOVAL OF THE CONCRETE

A. Center Section

Removal of the concrete from the center section can be accomplished

by several different methods depending on the equipment available (see
Figure 6b and Figure 7c).

1. The most common procedure is to break up the concrete with
jackhammers and shovel it out with hand tools. The advantages
of this method are that a minimum of equipment is needed and if
the work is done carefully, damage to the subbase and the adjacent

- slab is avoided. Unfortunately, this is the most time consuming
man power intensive method, and very expensive.

2. The removal can be shortened by using a pavement breaker and a
backhoe. (Note: breaking the concrete by means of a ball breaker
should never be permitted as the Targe shock waves will damage
adjacent concrete). The problem with this method is that damage
to the subbase material usually occurs.

3. A third method which has been used sucéessfu11y is Tift out by a
front end loader or a bulldozer. The common procedure is to break
up the concrete with jackhammers on all sides of the center section.
The front end loader or bulldozer then 1ifts up one end of the slab.
Chains are then connected to the exposed steel at the other end of
the slab and then secured to the bucket. The slab is then 1lifted

out and placed in a truck, or if it is very large, on a flatbed.
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This method can be accomplished in a very short period of time and
it does not damage the subbase or the adjacent CRCP. The problems
1ie in the fact that the size of slab that can be 1ifted depends on
the available equipment. Also, this method doens't work very well
in badly "D" cracked material or where bituminous patches are being
replaced, and diéposa] of the slabs can be a problem.

A final method involves 1ift out with pins. This procedure requires
at Teast two drilled holes, two or more 1ift out pins, and some
heavy equipment capable of 1ifting large loads as shown in Figure

8. First a five inch wide strip of the CRC center section must be
broken up and removed down to the reinforcement. The steel must
then be cut and taken away. The remainder of the strip down to the
subbase must then be broken up and carefully removed by hand methods

being careful not to damage the existing subbase.

Figure 9 shows a typical reusable pin that has been used effectively by

several states. The holes must be drilled so that the weight of the slab is

distributed as evenly as possible. The number of pins used will depend on

the size and condition of the slab and on the capacity of the chain. Some

contractors have developed equipment that can more rapidly 1ift out the slabs.

This method can be accomplished in a short period of time and normally leaves

the base material and adjacent CRC slab undisturbed.

End Sections

Removal of the concrete from the end sections should only be done in

the following manner (see Figure 6¢ and 7d).

Concrete in the two end sections must be carefully removed so as to

not damage the reinforcement in the lap area, and to avoid spalling




11

at the bottom of the joint (beneath the partial debth saw cut).
This task can be accomplished by using only jackhammers, prying
bars, picks, shovels, and other hand tools.

Breaking around the reinforcing steel without nicking, bending,

or in any way damaging it is difficult. However, the reinforcement
must not be bent up in removal of concrete since the bars cannot

be propef]y straightened out afterward. Bent reinforcement in

the patch area will eventually result in spalling of the patch and
failure because of the large eccentric stresses carried by the
reinforcement.

The use of a drop hammer or hydrahammer shouldnot bé allowed in the
end sections because this equipment will typically damage the re-
inforcement and/or cause serious undercutting beneath the partial
depth sawed joint. It may be necessary to 1imit the size of the
jackhammer operating at the joint to minimize undercutting beneath
the reinforcement.

Any bent reinforcement should be carefully straightened after the

breakout of the concrete.



12

- SECTION V. EVALUATING THE CONDITION OF THE SUBBASE

A. No Damage

If the subbase has not been damaged by construction operations and no
standing water or excessive moisture is present, and in general it is in

sound condition, then proceed to SECTION VI.

B. Damaged Subbase

A11 material that has been disturbed or that is loose should be remov-
ed and replaced with regular concrete during placement of the patch.
C. Moisture

A11 excessive free moisture should be removed or dried up if possible
before the placing of the concrete.
D. Side Drain

If the subbase and subgrade are saturated, and considerable water is

present a side trench or pipe drain should be installed to facilitate drainage.

This can be accomplished by cutting a narrow trench through the shoulder. The

trench is then back filled with crushed stone and surfaced with asphalt

concrete.




13

SECTION VI. REPLACING AND SPLICING THE REINFORCING STEEL

A. Inspection

The reinforcing steel at the patch ends should be inspected for damage.
If more than 10% of the steel is visibly damaged or corroded, the ends of the
patch should be extended until this situation is rectified over the required

lap length.

B. Type and Clearance

Reinforcement of similar size and strength should be placed in the patch
and spliced to the reinforcement at the patch ends by lapping. The required
length of embedment of the existing reinforcement into the patch depends on
the size and type of the reinforcement. ITlinois field tests have shown that
an embedment length of 18 ins. is adequate for No. 5 deformed bars and welded
deformed steel fabric (dia. = 0.516 ins.) (see Figure 8). This provides an
embedment of 29 bar diameters for the No. 5 bar. A No. 6 bar requires 22 1ins.
embedment for 29 bar diameters. This exceeds the ACI 318 Code for basic
development length. Further research may show that a shorter length is
adequate (shown in Fig. 10). A minimum 2 inch clearance should be provided
between the ends of the new rebars and the existing CRCP slab face to allow
for possible expansion. The number and spacing of the new reinforcement

should match the reinforcement in the pavement.

C. Welded Reinforcement

An alternative to splicing by means of tying the reinforcement as de-

scribed above is to weld the new reinforcement in place (see Fig. 11).



However, in some cases the reinforcement in the patch will have been made

from old rails which cannot be easily welded. The origin of the reinforcement

should be determined, and if it was made from old rails, welding should not
be attempted. A1l deformed bars furnished with rolled-in markings. These
jdentify the producing mi1l (usually an initial), the bar size number (e.g.
5 or 6), the type of steel (e.g. N for billet, A for axle, and a rail sign
for rail steel), and anyaddifiona] marking for identifying the higher
strength steels (e.g., 60 means 60,000 psi yield steels). Welding guide-
lines are as follows:

1. 1/4 inch continuous welds should be made.

2. The length of the welds should be four inches and both sides
of the bars should be welded. A stacking of the bars on top
of each other is recommended. This length of weld develops
the full strength of No. 5 bars.

3. Use AWS A5.1 E70XX electrodes.

4. Arc strikes outside of the permanent weld area are to be
avoided and tack welding is expressly prohibited.

5. To avoid potential buckling the reinforcement must be
Tapped at the center of the patch (minimum Tap Tength is
16 inches for all bar sizes) (see Fig. 12).

D. Placement
The new reinforcing steel bars shall be placed observing the following
conditions (see Fig. 13).

1. Reinforcing steel shall be placed so that a minimum of 2-1/2
inches of cover is provided. If existing cover is less than
2-1/2 inches then place spliced bar under the existing bar.

2. Reinforcing stee] shall be placed and supported by chairs

or other means available so that the reinforcement will not

be permanently bent down during placement of the patch.
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SECTION VII. PREPARING THE PATCH FOR CONCRETE PLACEMENT

A. Side Forms

Wood or steel side forms should be placed along the slab edge to make
it possible to form a uniform edge along the slab and to strike off the
concrete surface. The existing asphalt shoulder may need to be removed
for a width of less than one foot. After removal of the form, the excavated
- shoulder area must be backfilled using an asphaltic mix and compacted.
B. Bonding

Since concrete bonds better to dry surfaces than to wet surfaces, the
ends of the existing CRCP should not be wetted down before concrete place-
ment, nor the surface on which the concrete is to be placed. The applica-
tion of a neat cement grout (cement plus water) to the joint face immediately

before concrete placement will improve bonding.
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SECTION VIII., PLACING THE CONCRETE IN THE PATCH (see Fig. 14)

A. Concrete Mixture

The concrete should be obtained from a nearby IDOT approved ready-mix

plant with the following properties:

1. A seven bag mix of portland type I cemeht. It has been found
that the detrimental effects of increased shrinkage and the increase
in cost outweigh the increase in strength that a cement factor higher
than 7 bags or other types of cement provide.

2. An approved air-entraining agent should be used in amounts
such that 4-7% of air is entrained in the concrete.

3. The material proportions should be in accordance with the
IDOT approved mix design which has a w/c = .41 and gives a
sltump of 3-4",

B. Calcium Chloride Additive

Calcium chloride is recommended for use as an accelerator in the patch-
ing concrete with the following conditions: .
1. The calcium chloride should be added to the réady-mix con-

crete at the site when the ambient temperature is above 70°F.

When the temperature is below 70°F, the calcium chloride

can be added at the site, or at the plant as long as the

length of time from mixing to delivery is less than 15

minutes.

a. MWhen the calcium chloride is added at the site, a standard
solution should be prepared in accordance with the "Manual

of Instructions for Concrete Proportion Engineering," IDOT.
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b. The ready-mix truck should be mixed an additional 40
revolutions after the addition of the calcium chloride
at the site.

2. At all times the percentage of calcium chloride by weight of

cement is Timited to a maximum of 2%.

a. It is recommended that no more than 1% be used when the
‘ambiént temperature is above 80°F because greater per-
centages can bring on a flash set.

b. It must be noted that on warm days the initial set of
the concrete can occur as soon as 30 minutes after the
addition of calcium chloride. Consequently, the patch
should be placed and finished as quickly as possible.

C. Super Plasticizer Additive

On some days, additional early strength could make the difference
between opening a patch to traffic at the end of the day or waiting to the
next morning (See Table 1). If the engineer foresees this to be the case,
an approved super plasticizer may be added to the concrete in order to gain
the additional strength., The insulation of the finished patch to increase
early strength also is recommended in Section X-C (under certain conditions).

1. When a super plasticizer is to be used, the mix at the
ready-mix plant should be altered so as to produce the
following:

a. a 1" slump concrete
b. a concrete with approximately 8% entrained air
2. At all times the super plasticizer should be added at the site.

a. If calcium chloride is to be added at the site also, the
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calcium chloride should be added according to the pro-

visions of Section VIII B, before the addition of the

super plasticizer,

b. The super plasticizer should be added immediately after
the calcium chloride has been thoroughly mixed according
to the provisions of Section VIII B, 1. b.

3. The super plasticizer should be added in accordance with the
instrucﬁions supplied by the manufacturer.to provide a 7"
sTump concrete for easy placement.

a. If the concrete begins to stiffen up by the time the
second or third patch is to be poured, an additional
reduced dose of the super plasticizer may be added. (Note:
This can be repeated as many times as is necessary, but
never add more than the necessary amount to increase the
slump 1 inch at any one time with the obvious exception
of the initial dosage.)

b. It is recommended that a large plastic container with
volume markings along the outside be used to measure the
super plasticizer.

c. The ready-mix truck should be mixed 2 minutes at high
speed after every addition of the super plasticizer
(including the initial dosage).

D. Adding Water at Site

The addition of water to the concrete at the site should be avoided

unless absolutely necessary because of the detrimental effects this has on

the strength development and increased shrinkage.
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1. If calcium chloride is being added at the plant and the
concrete consistently arrives at the site too stiff, then
the calcium chloride should be added at the site.

2. If, after the addition of calcium chloride at the site, the
concrete is too stiff, the ready-mix plant operator should
be notified to increase the slump an appropriate amount.

E. Consolidation of Concrete

The entire pétch area should be consolidated by an appropriate sized
spud vibrator, particularly around the edges of the patch. The use of a
vibrator not only consolidates the concrete, but it also helps in the
finishing process, thus avoiding unnecessarily high slumps.

F.  Strike Off

Special care shall be used in bringing the finished patch concrete to
the same grade as the surrounding slab to avoid roughness causing dynamic
loads that will foil the patch.
G. Identification

The patch shall be dated and identified as in Section IX and shall
be broomed.
H. Placement of Patch

The casting of patches before noon is not recommended especially during
the summer months as this leads to crushing of the patches in the late

afternoon,
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IX. DATING AND IDENTIFICATION PATCHES

The dating and identification marks will be placed as indicated in
Figure 15. This allows for future performance studies.

1. The date the patch was placed

2, The agency performing the construction of the patch
D for day Tabor crew
M for district maintenance crew
C for contractors crew

3. The thickness of the patch in inches preceded by a T.

4, The length of the reinforcement lap length in inches proceeded
by an L. It will be assumed that the lap length number less
than 16 will mean that the reinforcement has been welded.

If the patch does not contain steel write NS.
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X. CURING OF THE PATCH CONCRETE

A. Curing Compound

A Tiquid membrane curing compound should be sprayed over the concrete
in a uniform manner.

B. High Wind Speed

On days when the wind speed is in excess of 10 mph, light colored or
clear polyethylene sheeting should be placed over the concrete to reduce
the amount of moisture loss from the surface. It can be held down along
the edges with reinforcing steel or any other similar weight material.

C. Insulation

The placement of a 4-inch thick insulation over the patch is highly
recommended to maintian a high temperature for curing and permit early
opening.

1. Polyethylene sheeting should be placed on the concrete

before placing the insulation.

2. The insulation should be held down by reinforcing steel or in

a similar fashion.
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XI. OPENING THE PATCH TO TRAFFIC

There are many factors which influence the length of time which is
necessary for concrete to develop sufficient strength to safely resist
traffic lToads. As a result of a comprehensive study, the ambient temper-
ature at placement has been found to be by far the most influential factor
on the strength development of concrete patches. Consequently, Table 1
gives the minimum number of hours that the concrete must be allowed to
cure before it is opened to traffic and it is solely dependent on the
ambient temperature at placement., Included in the table are reduced cur-
ing times when a super plasticizer, insulation or both are used according
to the provision put forth in this guideline.

It is important to emphasize that the values in Table 1 are only

applicabie when the patch has been constructed in accordance with the

provisions of this guideline,.
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Table 1. Recommended Minimum Time from Placement to Opening to Traffic
(a1l patches contain CaCl).

MINIMUM NUMBER OF HOURS TO OPENING
Ambient ' ReguTlar Patch
Temperature Regular Patch | Regular Patch With Super
@ Placement | Regular With Super With Plasticizer
(°F) Patch(1){Plasticizer(2) | Insulation(3) {and Insulation(4)
40-42 54 35 26 22
43-45 49 33 23 20
46-48 44 31 21 18
49-51 39 29 19 16
52-54 35 27 16 13
55-57 32 25 14 -1
58-60 29 23 11 8
61-63 26 21 9 7
64-66 23 19 9 6
67-69 21 17 8 5
70-72 18 15 7 5
73-75 15 13 6 5
76-78 13 10 5 5
79-81 10 8 5 5
82-84 9 7 5 5
85-87 8 6 5 5
88-90 7 5 5 5
91-93 6 5 5% 5*
Above 93 5 5 5% 5%

* Do not place insulation when ambient temperature's greater than 90° F.

See Sections VIII A, B, D in Appendix A.

See Sections VIII A, B, C, D in Appendix A.

See Sections VIII A, B, D, X C in Appendix A.
A, B, C, D

See Sections VIII » X C in Appendix A.
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FULL DEPTH

END SAW CUT PARTIAL DEPTH
SECTION SAW CUT
LR LR AR
Gl
LsuUBBAS

/POSSIBLE DETERIORATED SUBBASE

Step 1: Make one partial depth saw cut at the ends of the patch and one full
depth saw cut at the proper end section lengths from the edges (18
inches for tied steel patches, 8 inches for welded steel patches).

Figure 6a. Standard Breakout Method. Partial and Full Depth Saw Cuts.
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CENTER SECTION
BREAK OUT

Breakout concrete in the center section using jackhammers and remove
debris by mechanical methods. Carefully remove the deteriorated sub-
base, if any exists, making sure not to damage the remaining subbase.
The deteriorated area will be filled with Portland Cement Concrete.

Figure 6b. Standard Breakout Method. Center Section Breakout.
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Step 3. Breakup and remove the remaining concrete in the end sections using
hand methods being careful not to nick or bend the reinforcement and
not to spall the existing CRC slab beneath the reinforcement. The
rebar shall not be bent up for the removal of the remaining concrete.

Figure 6¢c. Standard Breakout Method. End Section Breakout.
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SUBBASE

Make one partial depth saw cut at the ends of the patch (do not cut .

Step 1.
steel reinforcement).

Figure 7a. Alternate Breakout Method. Partial Depth Saw Cuts.
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END
SECTION

Step 2. Breakout concrete in end sections using jackhammers down to the
steel at the proper end section length (18 inches for tied patches,
8 inches for welded patches) and cut the steel.

Figure 7b. Alternate Breakout Method. End Section Breakout.
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CENTER SECTION

BREAK OUT —}
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Step 3: Breakup center section using mechnical methods, remove debris in
center using mechanical methods if the length allows. Carefully
remove the deteriorated subbase, if any exists, making sure not
to damage the remaining good subbase. The deteriorated area will
be filled with Portland Cement Concrete.

Figure 7c. Alternate Breakout Method. Center Section Breakout.




Step 4. Breakup and remove remaining concrete in the end sections using
hand methods being careful not to spall existing CRC slab beneath
reinforcement and not to nick or bend the reinforcement. The rebar
shall not be bent up for removal of the remaining concrete.

Figure 7d. Alternate Breakout Method. Removal of Remaining Concrete.
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\—POSSIBLE DETERIORATED

\—SUBBASE
SUBBASE

Step 1: Make one partial depth saw cut at the ends of the patch and one full
depth saw cut at the proper end section lengths from the edges (18
ins. for tied steel patches, 8 ins. for welded steel patches).

Partial and Full Depth Saw Cuts.

Figure 8a. Center Section Lift Out Method.
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CENTER SECTION

Step 2.

Figure 8b.

Breakup concrete down to the steel in the center section at the full
depth saw cuts and on one side extend the breakup at least 5 inches
into the center section. Remove debris and cut the steel with a saw
and remove. Breakup remaining concrete down to the subbase and re-
move. Drill the required number of holes and insert the 1ift pins.
Carefully remove the deteriorated subbase, if any exists, making sure
not to damage the remaining good subbase. The deterijorated area will
be filled with Portland Cement Concrete.

Center Section Lift Qut Method. Removal of Center Section.
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Step 3: Breakup and remove the concrete in the end sections being careful
not to nick or bend the steel reinforcement. Use hand methods for
breakup and removal. The rebar shall not be bent up for removal

of the remaining concrete.

Figure 8c. Center Section Lift Qut Method. End Section Removal.
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PORTLAND CEMENT
CONCRETE PATCH

CSUBBASE 7 i L L L S \

BRUSH NEAT CEMENT- WATER l
GROUT ON DRY ENDS OF EXIST-
ING CRCP JUST BEFORE CONCRETE

PLACEMENT

Figure 14. Placement of the Portland Cement Concrete Patch.
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